Introduction
Environmental justice (EJ) research focused on children and schools is currently underdeveloped (Strife and Downey, 2009) . This is despite the fact that children are especially vulnerable to the health and developmental impacts of environmental injustice, due to their unique biological vulnerabilities, age-related patterns of exposure, and lack of control over their own environmental circumstances (Landrigan et al., 2010) . They also spend significant time at school, approximately 6.6 h per day for 180 days per year for public school students in the US (National Center for Education Statistics, 2008) .
A handful of previous EJ studies have examined environmental risks for schoolchildren. EJ studies of the Los Angeles Unified School District, CA (USA) (Pastor et al., 2002; Pastor et al., 2004) and the State of California (Pastor et al., 2006) found that racial/ethnic minority students, especially Hispanic students, were overrepresented as attendees of schools with higher outdoor cancer and respiratory air toxics exposures. Using bivariate correlations, another study examined Sacramento (CA) public schools and found that higher levels of PM2.5 emissions from road traffic were correlated with higher percentages of Black, Hispanic and multi-ethnic students and students eligible for subsidized meals, and a lower percentage of white students (Gaffron and Niemeier, 2015) . An individual-level study of schoolchildren in Orange County, FL (USA) examined the locations of students' homes and schools in relation to major point sources, small area emitters, and major roadways, and found that Hispanic and black children were significantly overrepresented (for both school and home locations) relative to non-Hispanic white children in areas proximate to each type of air pollution source (). Another study focused specifically on the areas surrounding the top 100 point source polluters of developmental and neurological air toxicants in the United States; it found that a significant proportion of the top industrial polluters were located in close proximity to multiple schools and that as the proportion of disadvantaged residents living near the facility went up, so did the number of schools (Legot et al., 2010) . While that particular study provided an important first step in examining air neurotoxicant exposure at US schools, it was limited by restricting the analyses to only the 1-2 miles around each facility and using only correlations.
Thus, while prior EJ studies of schoolchildren suggest particular city-or state-wide patterns of disparate exposure based on race/ethnicity, knowledge of environmental injustices experienced by this vulnerable population remains limited. No national EJ studies of schools have been undertaken, a gap which our proposed study fills. Additionally, previous distributional studies of children and environmental injustice have focused on cancer or respiratory health risks from air pollution.
Rarely have neurological air toxics been examined, even though emerging evidence indicates that chronic exposure to air pollution may negatively impact children's brain functioning (Brockmeyer and D'Angiulli, 2016; Calderón-Garcidueñas et al., 2016) . Children are more vulnerable to air pollution than are adults, due to their higher breathing rate to body size ratio, their lungs' less developed natural barriers, and their propensity to spend more time outside (Brockmeyer and D'Angiulli, 2016) . Neurological air toxics include ultrafine particulate matter (PM), polychlorinated biphenyls, mercury, manganese and toluene, among many others (Bandyopadhyay, 2016; Costa et al., 2014; Grandjean and Landrigan, 2014; Loane et al., 2013; World Health Organization, 2010) . Neurotoxicants are released into the air through combustion engines, industrial activities, power plants, mining, and refuse incineration. While diet has long been considered the primary vehicle of exposure to neurotoxicants, inhalation exposure is a common and important route of exposure (Costa et al., 2014) . Inhalation can even be a more toxic route of exposure than ingestion, as is the case with manganese (Environmental Protection Agency, 2016b).
When air pollutants are inhaled, they damage the body's natural barriers (e.g., nasal and lung epitheliums and the blood brain barrier) and gain entry to the body (Calderón-Garcidueñas et al., 2015) . Upon arrival, they generate an innate immune response involving small proteins called cytokines, which are present in blood and cerebrospinal fluids. Cytokines cause tissue swelling and immune cell release of cytotoxic species, while signaling the production of additional cytokines. This induces neuroinflammation in the brain and leads to diffuse loss and damage of neural tissues. Cytokines are also associated with the development of white matter hyperintensities (WMH), which are areas of demyelinated neurons in the brain that negatively impact synaptic capacities. WMH are associated with global congitive deficits. Air pollution thus causes cognitive deficits through neuroinflammation and cell loss, and via damange to myelin and neural functioning (Brockmeyer and D'Angiulli, 2016) . In terms of neurotoxicants specifically, they have additional properties which cause neurological harm. Lead, for example, crosses the blood-brain barrier by substituting as calcium ions and wreaks havoc on the prefrontal cortex, hippocampus, and cerebellum by interfering with the regulartory functioning of calcium (Sanders et al., 2009) .
The consequences of inhaling air pollution are far-reaching. Autopsies of otherwise clinically healthy youth, for example, revealed that those from the high pollution megacity of Mexico City had brain structures resembling those with early stage Alzheimer's disease; similar damage was not present in the brains of youth living in the two low pollution control cities of Veracruz and Tlaxcala (Calderón-Garcidueñas et al., 2008) . Given that low income and racial/ethnic minority populations tend to experience the environmental injustice of disproportionately high exposure to pollution (Mohai et al., 2009; Mohai and Saha, 2015; Pais et al., 2014) , it is likely that these detrimental effects on brain functioning are not evenly distributed across society. However, this has not yet been investigated.
To begin to address this important knowledge gap, this study tests for environmental injustices in exposures to air neurotoxicants in an analysis that includes all US public schools. The first research question is: which US EPA regions house disproportionate numbers of "high risk" schools? "High risk" schools are those in the top 10% of all schools for neurotoxicant risk. The second research question is: are racial/ ethnic minority and economically-deprived students disproportionately at "high risk" to ambient neurotoxicants as compared to all US public school students? Finally, the third research question is: accounting for geographic clustering and other factors known to influence exposure to toxics, how do the racial/ethnic and economic composition of the schools and the grade level of student served relate to air neurotoxicant risk?
Materials and methods

Unit of Analysis: United States Public Schools
We downloaded the geographic locations and demographics of each public school in the US for 2011 from the National Center for Education Statistics using the ElSi Table Generator tool (National Center for Education Statistics, 2017). We selected 2011 since it aligns with the most recent National Air Toxics Assessment. This ElSi tool provides users with access to the Common Core of Data (CCD), which is the US Department of Education's primary database on public elementary and secondary schools in the United States. The CCD surveys are conducted annually at all public elementary and secondary schools throughout the United States. CCD contains general descriptive information on schools and on their students and staff. Of relevance to this project, we downloaded the latitude and longitude of each school, information about the racial/ethnic make-up of the student body, eligibility for free and reduced price meals, and the lowest and highest grade offered at the school. Using ArcGIS 10, we plotted all schools based on their latitude and longitude (Fig. 1) . We removed schools with fewer than 100 children in 2011 from the analysis (n=8876) to create more stable proportion variables.
Mapping the schools allowed us to create other variables that were needed for the analysis. Using the spatial join tool in ArcGIS 10, we were able to determine which EPA region and school district each school fell within. To do this, we obtained spatial data for US school districts in 2011 from the National Historical Geographic Information System (NHGIS) portal (IPUMS, 2016) and located each school within its school district (n=11,845).
Analysis Variables
Dependent Variables
The neurotoxicant measures come from the US Environmental Protection Agency's National Air Toxics Assessment (NATA). The NATA includes all hazardous air pollutants (HAPs) regulated by the US Clean Air Act (except criteria pollutants) that are known or suspected to cause cancer or neurological, developmental, respiratory, immunological, and reproductive damage (Environmental Protection Agency, 2016a) . The EPA models the exposure risks of different pollutants additively to estimate an aggregate risk score for each census tract (Environmental Protection Agency, 2016a). Exposure risk scores are based on the concentration of each chemical to which people are exposed and each chemical's reference concentration (i.e., the amount of toxicity below which long-term exposure to the general population is not expected to result in adverse effects). The NATA is currently the best available secondary data source for spatially explicit characterization of toxic air pollution exposure risk in the US and has been used to measure census tract-level pollution in high-tier EJ and environmental health studies (Linder et al., 2008; Roberts et al., 2013) .
Air neurotoxicant exposure estimates for the schools were created from the EPA's NATA census tract-level databases from 2011 using Compounds, Styrene, Tetrachloroethylene, Toluene, Trichloroethylene, and Xylenes. The EPA recommends summing the exposure risk estimates for each chemical known to effect the same target organ (e.g., nervous system in this case) to create a cumulative exposure risk score, given the high degree of uncertainty regarding non-additive interactions between chemicals (Environmental Protection Agency, 2015).
We created three variables using these NATA data. First, to create a summative score, we examined the distribution of each of the 24 HAPs by quartile and excluded HAPs with no variability across the 25th, 50th and 75th percentiles. For the remaining 15 HAPs with sufficient variability, we recoded each HAP into quartiles and summed across the 15 HAPs (Talbott et al., 2015; Windham et al., 2006) . Using that variable, we created a "high risk" variable by taking the top 10% of all schools in terms of the summed measure, and a "low risk" variable, which is the lowest 10% of all schools on the summed measure; those schools are depicted in Fig. 1 . Descriptive statistics for the dependent variables (and all indepedent variables) are located in Table 1. 2.2.2. Independent Variables 2.2.2.1. Total Number of Students. We use the number of students attending each school in the analyses for all three research questions.
Racial/Ethnic Composition.
For research question 2, we began with the numbers of students who were non-Hispanic white, Hispanic and non-Hispanic black. Asian and Pacific Islander/Native Hawaiian were combined into an API (Asian/Pacific Islander) category, due to small counts; multiracial and Native American were also collapsed into proportion other race. For research question 3, we created variables that represent the proportion of each school's students who are in each of the five racial/ethnic categories using the total number of students as the denominator. Proportion white was excluded as the reference group.
Economic Deprivation.
We use student eligibility for free or reduced price meals as a proxy for economic deprivation, since a student's family must be of low income to qualify for this assistance. Specifically, children qualify if their family is at or below 185% of the federal poverty line. Eligibility is determined based on the number of (2011), including those at "high" and "low" risk from ambient neurotoxicants. Note: "High Risk" schools are in the top 10% for neurotoxicant exposure nationwide, based on our metric. "Low Risk" schools are in the bottom 10%. people sharing a home with the child and the household income. For research question 2, we use the number of eligible children. For question 3, we use the proportion of students in the school that are eligible and a squared free/reduced price meals term because the association between economic deprivation and air neurotoxicant exposure may be non-linear. This is because economically deprived areas tend to have fewer economic activities and hence fewer sources of pollution, while economically advantaged areas typically have the political power to resist pollution sources; thus, more air pollution risks are expected in areas that are neither economically deprived nor advantaged (Pastor et al., 2005) .
Grade Level of Students Served.
For research question 3, we created a five-category variable to capture the grade level of students served in each school using the variables "highest" and "lowest grade offered at the school". The five categories, which map to natural breaks in the data and the organization of schools in the US, are: schools which offer all grades or are ungraded ("ungraded/all grades"); schools with the highest grade offered being pre-kindergarten, kindergarten or first grade ("early childhood centers"); schools with the highest grade being second through sixth ("elementary school"), schools with the highest grade being seventh through ninth ("junior high"), and schools with the highest grade being tenth-twelfth ("high school"). We separated out schools that serve the youngest children from elementary school-aged children, because young children are especially vulnerable to the health and developmental impacts of environmental injustice (Landrigan et al., 2010) . We use "elementary school" as the reference category, since it includes the most schools.
Urban Location.
Based on the 2010 US Census, we used the proportion of the 2010 population in the county containing each school living in an "urban area" for research question 3. Urban areas are densely settled groups of census tracts that meet minimum population density requirements and have at least 50,000 or more people. This is an important control variable since there are more pollution generating activities in urban areas (Chakraborty et al., 2014; Collins et al., 2017; Gould, 1986; Lievanos, 2015) .
Analysis Approach
Descriptive Analysis
To answer the first research question, we determined the total number of schools and the number of those schools at "high risk" (i.e., in the top 10% for summed air neurotoxicant risk nationally) in each EPA region. Then, we calculated the proportion of schools in each region that were "high risk" by dividing the number of high risk schools by the total number of schools in each region.
Bivariate Statistics
To answer the second research question, we calculated the proportion of students attending public schools in the US who qualify for free/reduced price meals, and belong to each racial/ethnic group. Then, we calculated the proportion of students attending public schools in the US that attended "high risk" schools. Finally, we calculated the proportion of students in the US attending "high risk" schools that qualify for free/reduced price meals and belong to each racial/ethnic group. We then used a z-test for difference in proportions to determine if low income or racial/ethnic minority students are disproportionately at "high risk" as compared to students on average in the US. Unlike the school-level analyses to be conducted as part of research question 3, this is an analysis of children in schools (child-level).
Multivariate Statistics
We used a generalized estimating equation (GEE) to answer the third research question. This involved predicting the summed air neurotoxicant score using the four racial/ethnic composition variables, the economic deprivation variable and its squared term, and the level of student served and urban location variables, while accounting for clustering at the level of the school district. This clustering definition led to the assignment of between 1 and 1646 schools to each cluster.
GEEs expand the generalized liner model to accommodate clustered data Nelder and Wedderburn, 1972) . In this case, the schools are clustered within school districts. GEEs require the specification of an intracluster dependency correlation matrix Zeger and Liang, 1986) . Three correlation structure specifications were substantive candidates (Garson, 2012) : (1) independent, which assumes the nonexistence of dependency, so that all off-diagonal elements of the working correlation matrix are zero; (2) exchangeable, which assumes constant intracluster dependency, so that all the off-diagonal elements of the correlation matrix are equal; and (3) unstructured, which assumes a completely general correlation matrix, which is estimated without constraints. We modeled the GEEs with the three matrices, using goodness-of-fit coefficients to determine the best specification (Garson, 2012) . The exchangeable correlation structure specification was selected for the results reported here, as it was better fitting than the independent and unstructured specifications.
To select the best fitting models, we estimated a series of GEEs by varying the model specifications. We tested normal, gamma and inverse Gaussian distributions with logarithmic and identity link functions. Visual inspection of a histogram of our dependent variable suggested that these were the most appropriate options, given that the dependent variable was not normally distributed. The inverse Gaussian distribution with a logarithmic link function was the best fitting. Finally, we examined possible multicollinearity among the analysis variables; based on variance inflation factor, tolerance, and condition index criteria, inferences from the GEEs are not affected by multicollinearity. All continuous independent variables were standardized before inclusion in the GEE. We define statistical significance as p < 0.001, due to the large sample. Table 2 presents the number and percent of "high risk" schools by region. In Region 2, which includes all schools in New York and New Jersey, one-third of schools are at "high risk" for air neurotoxicant exposures. Schools in Regions 3 and 5 have the second and third highest levels of air neurotoxicants, with 16-17% of schools being "high risk". On the other end, Region 8 has a very low percentage of schools at "high risk". Table 3 shows that students attending "high risk" public schools nationwide are significantly more likely to eligible for free/reduced price meals, and to be Hispanic, black, or API. They are significantly less likely to be white or other race. As an example of how to interpret the table, the second column in Table 3 shows the proportion of all children in that group. For example, 45.4% of all public school children are eligible for free/reduced price meals. The third column shows the proportion of children at "high risk" who are in that group. In this case, 56.5% of children at "high risk" are eligible for free/reduced price meals. The difference is 11.1% and it is statistically significant. Table 4 reports results of a model predicting the summed neurotoxicant risk variable. Accounting for school district as a nuisance parameter, we find that an increase in the number of students is associated with higher air neurotoxicant risks. The relationship with economic deprivation (proportion free/reduced price meals) was not significant. The racial/ethnic minority group variables are significant in the direction of more minority students, more risk, with the exception of other race. In terms of the level of student served, schools serving children in the earliest grades face increased risk relative to elementary schools. Students attending junior high schools, high schools, and ungraded schools have less risk than those attending elementary schools. Schools located in increasingly urban counties have significantly greater air neurotoxicant risks. Proportion urban was the most important predictor of summed neurotoxicant risk, followed by ungraded/ all grades and proportion black.
Results
Research Question 1: EPA Region
Research Question 2: Disproportionate Risk for Minority and Economically-Deprived Students
Research Question 3: Predicting Summed Neurotoxicant Risk
While the parameter estimate values for the proportion variables shown in Table 4 are interpretable as the unit change in the neurotoxicant sum per one standard deviation increase in the variable, a 10% increase may be more meaningful to some readers. When interpreting the results that way, we find that a 10% increase in the percent of Hispanic children in the school is associated with a 0.006 unit increase in the neurotoxicant risk score. Ten percent increases in percent black and API, respectively, are associated with 0.013 and 0.014 unit increases in the risk score. As the percent of other race students increases by 10%, the summed neurotoxicant risk score drops by 0.019 unit. As the urban population in the county housing the school increases by 10%, the neurotoxicant risk measure increases by 0.042 unit. For every 100 additional students attending a school, the neurotoxicant risk score increases by 0.003 unit.
Discussion
Findings reveal geographically and socially disparate patterns of risk to air neurotoxicants, which likely have serious implications for the health of US children. Regionally, the New York City metro area (EPA Region 2) emerged as a location of concern, since one third of schools in that region are in the top 10% for air neurotoxicant exposure nationwide (Table 2) . While EPA Region 2 also includes Puerto Rico and the U.S. Virgin Islands, schools from those places are not part of the study. Results suggest that ambient neurotoxicants must be centered on the radar screen in EPA Region 2. Currently, the key issues posted on the EPA Region 2 website include climate change and projects to address water contamination (U.S. Environmental Protection Agency, 2017). While those issues are locally relevant and important, action is needed to reduce air emissions containing neurotoxicants from multiple sources (e.g., point and transportation), especially near public schools. A national regulatory structure could help to enable that. Local EJ groups in the area, like the New York City Environmental Justice Alliance and WE ACT for Environmental Justice, could also play a role in advocacy surrounding this issue as part of their ongoing air quality actions.
Results reveal a strong pattern of disparate risk based on race, Table 3 Results of a Z-test for differences in proportions comparing students based on economic deprivation and race/ethnicity to all US public school students. especially for black, API and Hispanic children across the analyses, while white children seem to be protected. The proportion black and Hispanic students attending "high risk" schools nationwide deviated the most from the national averages in the positive direction, suggesting the greatest risk disparities (Table 3) . In the multivariate model (Table 4) , the strongest relationship with air neurotoxicant risk in terms of race/ ethnicity was for proportion black students, this was followed by Hispanic and API. These findings point toward substantial risk for black, API and Hispanic students nationwide. While readers may have expected the risk for black and Hispanic students, they may be surprised by the API findings. Risks for black and Hispanic children have been highlighted in other case studies looking at school-based exposure to toxics in Florida (Chakraborty and Zandbergen, 2007) and California (Gaffron and Niemeier, 2015; Green et al., 2004) , although this is the first study to show that these disparate school-based risks exist nationwide. Black and Hispanic children disproportionately face other environmental risks outside of school. They are more likely than white children to live in substandard housing, which includes poor physical conditions (e.g., noise), chemical exposures (e.g., carbon monoxide), biological exposures (e.g., cockroaches), and unsafe building conditions (e.g., posing accident risks) (Jacobs, 2011) . Black children under age six have higher blood lead levels than their peers of other racial/ethnic groups (White et al., 2016) and high rates of asthma (22%); 14% of Hispanic children and 12% of white children also have asthma (Bloom et al., 2013) . Compared to other racial/ethnic groups, black families in the US experience the highest levels of residential segregation (Massey and Denton, 1993) , and neighborhoods with high concentrations of black residents tend to have a host of health-compromising characteristics (e.g. high poverty levels, greater numbers of unemployed adults, and institutional disinvestment) (Bécares et al., 2012) ; this pattern could extend to schools with high proportions of black students.
Unlike health risks associated with black ethnic density, living in ethnically dense Hispanic neighborhoods is associated with better health, hypothetically due to social support, reduced exposure to racism, decreased low status stigma, recent chain migration, and less hyper segregation (as compared to black neighborhoods) (Bécares et al., 2012) . It could be that proportion Hispanic students (at the school level) is protective against some of the negative effects of neurotoxicant exposures, but this has not been investigated. Potential protective effects align with the Hispanic health paradox, which refers to the observation that Hispanics (and Mexican immigrants in particular) have better health outcomes than expected, given their low socioeconomic status (Morales et al., 2002) . Disparate air neurotoxicant exposures at school, taken together with the heightened risks summarized above, outline a situation of multiple jeopardy for black American children. This could also be the case for Hispanic American children, but the ethnic density and Hispanic health paradox literatures suggest that the relationship could be more complex. Our findings coupled with the literature point toward interacting exposures that demand further investigation.
The disparate air neurotoxicant risks for API students may come as more of a surprise since API populations are included less frequently than blacks and Hispanics in EJ studies, based on the assumption that they have similar risk profiles to whites. When API Americans are actually examined in EJ research, results typically indicate that they face higher risks from environmental hazards than whites (Clark et al., 2014; Cushing et al., 2015; Grineski et al., 2017; Lievanos, 2015; McKelvey et al., 2007; Morello-Frosch and Jesdale, 2006) . However, results indicative of disproportionate risk for API Americans have been de-emphasized in many studies. Our findings related to air neurotoxicant exposures of API children at US public schools contribute to a growing body of work that is raising awareness of the environmental risks that API Americans face in the US Sze, 2004) . This work is important since it counters the "model minority" stereotype, which has been applied to Asian Americans to suggest that they do not experience discrimination or racism in the US. While Asian Americans have high incomes and levels of education, these statistics bely the racialized experiences of API individuals. Asians in the US are held up as the successful and high achieving model minority group while they are simultaneously marginalized as outsiders (Xu and Lee, 2013) , and, as this study shows, overrepresented as students in public schools that are at high risk to air neurotoxicants.
In addition to racial/ethnic risk disparities, multivariate results also showed that younger children (i.e., those in earlier grade levels) are exposed to greater risks than older children while attending public schools in the US. Schools serving the youngest children (e.g., prekindergarten and kindergarten) had greater risk than those attending elementary schools, which had greater risk than junior high and high schools. The disproportionate presence of air neurotoxicants at schools serving the youngest Americans is cause for serious concern. Children are highly susceptible to the effects of chemical hazards because of heavy exposures (i.e., they consume more air and food per unit of body weight than do adults), biologic sensitivity associated with growth and development, and their long future lifetimes as early insults can manifest in adult diseases (Perera, 2008) .
This analysis suffers from several limitations. The NATA considers only neurotoxicants emitted into the air from ambient sources and not those from other sources, such as through food or household products even though those are additional pathways of exposure. Our comprehensive measure of air neurotoxicant exposure included 24 toxicants, which are the chemicals that affect the neurological system, as designated by the EPA [see Appendix H in Environmental Protection Agency (2015)] and regulated by the Clean Air Act; chemicals not listed or regulated are not included. We also examined only exposure at school and not at home, which means we do not capture a full picture of children's exposure. Therefore, children's exposure to neurotoxicants may be underestimated. Ultrafine particulate matter is a critical neurotoxicant of concern (Loane et al., 2013) , which is missing from this study, due to data limitations. The study focused on the year 2011, due to limited availability of air neurotoxicant estimates available from the National Air Toxics Assessment, even though more recent data on school demographics are available. While the Common Core schoollevel data provided many relevant variables, our selections were limited by what was available; the median education level of children's parents, for example, was not an option. While it made sense to focus our analysis the neurotoxicants listed as such by the EPA as part of the NATA documentation, this is an incomplete list and there are other known and potential neurotoxicants that could be considered in future research. Finally, the study was cross-sectional, capturing associations at one point in time, and cannot speak to how the observed pattern developed or changed over time.
Conclusion
The unmeasured losses in societal-level human capital due to these documented air neurotoxicant exposures among US schoolchildren could be expansive. For example, it has been suggested that people exposed to lead in countries that used leaded gasoline suffered widespread low-grade lead poisoning that lowered the average IQ of the population by about five points (Lanphear et al., 2000) . Such widespread cognitive impairment can reduce the intelligence and lifelong economic productivity of entire generations, thus undermining the developmental trajectory of whole societies (Landrigan and Fuller, 2014; Suk et al., 2016) . These neurotoxicant exposures may be decreasing societal capacities for innovation and causing economic losses associated with direct medical expenses, diminished productivity, and missed opportunities (Colburn et al., 1997; Suk et al., 2016) .
For the children in this study, the exposures may be linked to their abilities to do well in school. Children attending schools in more polluted areas have lower aggregated standardized test scores than those in less polluted areas, even accounting for other factors known to influence academic achievement (Mohai et al., 2011; Pastor et al., 2006; Pastor et al., 2004; Scharber et al., 2013) ; they also have lower GPAs (Grineski et al., 2015) . Subpar academic performance at a young age can have lifelong impacts on a child's life chances, including lower economic and educational attainment in adulthood (Case et al., 2005) . This study shows that racial/ethnic minority children are bearing the brunt of neurotoxicant exposures at school, which may be unequally impacting their school performance and future prospects.
Urgent action is needed to protect children from these harmful exposures. Enforcement strategies at the federal and state level are needed to improve ambient air quality, minimize children's exposure, and encourage the redesign of engine and fuel technologies to produce fewer neurotoxic HAPs (Genc et al., 2012) . Specific policies to prohibit schools from being located in polluted areas, as well as to prohibit highly polluting land uses near existing schools, are needed. There is no overarching federal agency nor specific policies in place to protect children from attending schools in polluted or toxic locations in the US (Sampson, 2012) . The World Health Organization and the US Environmental Protection Agency have put forth school siting guidelines (U.S. Environmental Protection Agency, 2014; Wargo, 2004) , but these are to inform voluntary decision making only, since they are not legally enforceable. In the US, voluntary guidelines are not being widely adopted as only 10 US states prohibit school siting near environmental hazards (Gaffron and Niemeier, 2015) . Given that these voluntary guidelines have been adopted in a limited way, federal regulation is required to ensure that children are protected. All US states have compulsory education laws that require children to attend public (or accredited private schools) for a specific period of time, usually between the ages of 6 and at least 16, for 180 days per year (FindLaw, 2013) . While attending public school, the health and wellbeing of these children is the responsibility of the government, which needs to adequately protect them from risks.
In addition to policies aimed at reducing exposure, other strategies should be implemented to better document the risks and to protect children from them. These include augmenting current air quality monitoring efforts to ensure that neurotoxicants, such as heavy metals and ultrafine particulate matter, are measured and their levels reported publically, as is done with criteria pollutants (Mandal and Bandyopadhyay, 2013) . These data could then be paired with neurological health registries, which could be initiated at the clinic/hospital, municipal, or state level, to enable researchers to more accurately trace the impact of ambient neurotoxicants on neurological health conditions and report these findings to the general public (Bandyopadhyay, 2016 ). An awareness program, which highlights existing and new research, should be undertaken by regulators and academics to better publicize the myriad ways in which pollution affects children's health, including their neurodevelopment (Bandyopadhyay, 2016) .
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